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PROCESS FOR THE PRODUCTION OF TOCOPHEROL AND 
TOCOPHEROL/TOCOTRIENOL CONCENTRATES 

Field of Invention 

5 

This invention belongs to the field of organic 
chemistry. In particular, this invention relates to a 
process for the manufacture of tocopherol concentrates 
from the by-products of vegetable oil refining. 

10 

BflcKgrpunfl Qf the invention 

Alpha, beta, gamma, and delta tocopherol (hereafter 
referred to as tocopherols) can be found in various 

15 ratios and concentrations in crude vegetable oils such 
as soy bean, sunflower, canola, rapeseed, cottonseed, 
saf flower, corn, palm, palm kernel, and rice bran oil. 
Palm oil and rice bran oil in particular contain high 
levels of both tocopherols and tocotrienols, whereas 

20 other vegetable oils contain primarily tocopherols. 

Typical crude palm oils contain 600-700mgyKg tocopherols 
and tocotrienols (50% tocotrienols) and crude rice bran 
oil contains 800—900 mg^Kg tocopherols and tocotrienols 
(57% tocotrienols) . (See, for example, Proc. Malays. 

25 Biochem. Soc. Conf. (1983) pp. 15-17 and Lipids 

Handbook . 2d Ed., (1994) Chapman & Hall, p. 129.) 
Tocopherols and tocotrienols are a valuable constituent 
of vegetable oil as they help prevent oxidation and 
spoilage. Tocotrienols are of special interest for 

30 their hypocholesterolemic effects, as they decrease the 
blood level of the low density lipoprotein fraction of 
cholesterol and the total serum cholesterol, while 
increasing the ratio of the high density lipoprotein 
fraction of cholesterol to the low density lipoprotein 

35 fraction. Such effects have been shown to be clinically 
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significant in lowering the risk of heart disease. (T. 
Gordon, et al., "High Density Lipoproteins as a 
Protective Factor Against Coronary Heart Disease" , The 
American J ournal of Medicine, 62, pp. 707-714 (1977)). 
5 These tocopherols a^e a valuable constituent of 
vegetable oil as they help prevent oxidation and 
spoilage. During the refining of vegetable oils a large 
fraction of the tocopherols are lost to various by- 
products and waste streams. These waste and by— products 

10 streams include, but are not limited to, deodorizer 

distillates, steam refining distillates, and acidulated 
soapstocks. The vegetable oil refining by— products 
typically contain from less than 1% to greater than 20% 
tocopherol by weight. The oil refining by-products are 

15 a valuable source of raw material for the production of 
natural vitamin E and other tocopherol antioxidants. 
However, the by— product streams also contain 20 to 99% 
by weight free fatty acids, less than 1% to 20% by 
weight sterols, less than 1% to 20% by weight sterol 

20 esters of fatty acid, less than 1% to 4 0% by weight 
mono, di, and triglycerides, less than 1% to 3 0% by 
weight hydrocarbons, and several percentage by weight of 
other compounds, in addition to tocopherols. Thus, in 
order to obtain a tocopherol concentrate stream useful 

25 for production of high purity vitamin E, it is necessary 
to remove these substances. 

Numerous methods have been proposed for the 
recovery of tocopherols from vegetable oil refining by- 
products. For example, U.S. patent No. 2,432,181 

30 teaches that tocopherols can be recovered from vegetable 
oils and fats by reacting the fatty acid glycerides with 
an aliphatic monohydric alcohol in the presence of an 
alkaline alcoholysis catalyst, followed by a flash 
distillation of residual alcohol glycerol, and fatty 

35 acid esters* 
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U.S. Patent No. 3,153,055 teaches a process for the 
isolation of sterols and tocopherols from deodorizer 
distillate by esterif ication of free fatty acids and 
glycerides into lower monohydric alcohol esters under 
5 strongly acidic conditions. The sterols and tocopherols 
are fractionally extracted from the esterif ication 
product with a combination of polar and nonpolar 
solvents . 

U.S. Patent No. 3,335,154 teaches that deodorizer 

10 distillate can be saponified and acidulated to convert 
glycerides and sterol esters to free fatty acids and 
free alcohols (glycerol, sterols respectively). The 
free fatty acids are esterified with a monohydric lower 
alcohol and mineral acid catalyst. The sterols are 

15 precipitated/crystallized by the addition of water to 
the mixture, and the tocopherols are concentrated by 
removal of the fatty acid esters by molecular 
distillation. 

All of the above processes suffer from serious 

20 drawbacks. They require the addition of extraneous 
monohydric alcohols and result in the production of 
fatty acid esters which are not normally present in the 
vegetable oil by— product feed material. The excess 
monohydric alcohol must be removed in an additional 

25 processing step. In order to produce a highly 

concentrated tocopherol product the sterols must either 
be removed by crystallization or by other means. 
Saponification requires large amounts of caustic and 
acid for acidulation, thereby creating excessive salt 

30 wastes. 

U.S. Patent No. 4,454,329 teaches that a tocopherol 
concentrate can be obtained from deodorizer distillates 
by esterif ication of the free fatty acids with a 
dihydric or polyhydric alcohol, in the presence or 
35 absence of an acid catalyst. The esterif ication is 
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preferably carried out in the presence of an aromatic 
solvent such as benzene, toluene, or xylene. The 
ester if ied mixture is then subjected to either a solvent 
extraction or a molecular distillation to produce the 
5 final tocopherol concentrate. Preferably, the solvent 
extraction is proceeded by a hydrogenation to convert 
the unsaturated triglycerides into saturated 
triglycerides, thereby decreasing the solubility of the 
triglycerides in the solvent phase of the extraction. 

10 Distillation of the esterified mixture concentrates 

tocopherols, sterols, hydrocarbons and other components 
with similar boiling points in the distillate. The 
triglycerides and other high-boiling components are left 
in the distillation residue. 

15 The above process is unsatisfactory for a number of 

reasons. Deodorizer distillates and the like typically 
contain a 1/1 to 3/1 ratio of sterols to tocopherols, 
depending on the vegetable oil source. The tocopherols 
and sterols have very similar boiling points and there— 

20 fore cannot be separated by distillation alone. The 
esterif ication is not run in such a fashion to ensure 
that the sterols are converted into sterol esters (which 
have a much higher boiling point than tocopherol). The 
distillate containing the tocopherols and sterols 

25 produced by the above process must be further treated by 
other separation techniques in order to produce a 
tocopherol concentrate essentially free of sterols. 

In the solvent extraction version of the process, 
the solvent must be removed from the tocopherol extract, 

30 adding additional cost and complication to the process. 
The preferred embodiment of the solvent extraction, 
proceeded by the hydrogenation, adds still another step, 
with concomitant cost and complication. In addition, 
typical copper and nickel hydrogenation catalysts are 

35 known to be prooxidants, which promote the destruction 
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of tocopherol, thereby lowering the yield of tocopherol 
from the process. 

Prief pescrjptjon of t^ie prawjnqg 

5 

Figure 1 is a diagram outlining one aspect of the 
method of the present invention, in which an 
ester if ication reaction is conducted in reactor (2), 
which is then subjected to a series of distillation 
10 steps (5), (8), and (9), to provide the desired 
tocopherol . 

Figure 2 is a diagram outlining the preferred 
method of the present invention, in which an 
esterif ication reaction is conducted in reactor (2), and 
15 subjected to two distillation steps. 

Figures 1 and 2 are more fully described below, 

gumnary <?t the mventjpn 

20 One object of this invention is to provide an 

efficient, economical process for the isolation of 
tocopherols from vegetable oil processing by— products. 
The raw material for the process can be deodorizer 
distillate, steam refining distillate, acidulated 

25 soapstock, or any other vegetable oil by-product 

containing typically from less than 1% tocopherol to 
upwards of 20% tocopherol by weight. 

For the sake of convenience, the term "tocopherol 
concentrate" will be used herein to describe 

30 concentrates containing both tocopherols and either 

minor or major amounts of tocotrienols, depending on the 
source of the vegetable by-product. Since the 
tocotrienols and tocopherols are very similar in 
physical properties they are isolated together as 

35 described below. 
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In this invention, the vegetable oil by— product is 
subjected to an esterif ication step, with or without an 
acid catalyst, in which the sterols react with the free 
fatty acid already present in the mixture to form high— 
5 boiling sterol esters. Any other alcoholic moieties, 

triterpenoid alcohols, methyl— sterols, and the like, are 
converted to high-boiling fatty acid esters and waxes. 
Moreover, any mono— and di— fatty acid glycerides are 
largely converted to triglycerides by reaction with the 

10 free fatty acids. The tocopherols also react to a 

limited extent; the extent of reaction can be controlled 
by proper selection of reaction time and temperature • 
The ester if ied mixture is then subjected to a series of 
distillation steps in which components boiling higher 

15 and lower than the tocopherols are separated from 

tocopherols and other like— boiling substances. The 
distillation steps consist of one or more separate 
distillation operations to remove unreacted free fatty 
acids overhead, along with any low-boiling compounds, 

20 from a tocopherol— rich bottoms product and one 

distillation operation to remove a tocopherol— rich 
product overhead from sterol esters, fatty acid 
polyesters of glycerol, waxes, and other high-boiling 
substances. Either the distillation operations to 

25 remove the fatty acid and low-boilers, or the 

distillation operation to remove the high-boilers may be 
done first. The resulting product of the process is a 
tocopherol concentrate comprised primarily of tocopherol 
and hydrocarbons with similar boiling points, which is 

3 0 essentially free of free fatty acids, sterols, sterol 
esters, fatty acid polyesters of glycerol, waxes, and 
other high— boiling compounds. 

As a further aspect of this invention, the catalyst 
for the esterif ication step is a monoalkyl tin compound, 

35 zinc salt of an organic acid, titanium (IV) alkoxides, 
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zinc oxide, phosphoric acid or other mild mineral acids. 
por ? -n»ri Desc yir+<"" °* ™ p TnvepUon 

The present invention provides a method for 
preparing a tocopherol concentrate which comprises the 
steps : 

(a) heating a vegetable oil by-product comprised 
of tocopherols, fatty acids, hydrocarbons, 
sterol esters of fatty acids, sterols, 
triterpenoid alcohols, methyl-sterols, and 
mono-, di-, and triglycerides, optionally in 
the presence of an acid catalyst, said by- 
product optionally containing additional 
C 10 -C 22 fatty acids, to a temperature of about 
70 »C to 300" C and a pressure of about 50 torr 
to 760 torr, while continuously removing water 
formed thereby, to provide a mixture comprised 
of sterol esters, high boiling fatty acid 
esters, waxes, and glycerides; and 

followed by subjecting said mixture to a 
series of distillation operations comprising: 

(i) one or more separate distillation 

operations, wherein said distillation(s) 
is (are) conducted at a temperature of 
about 200 °c to 320«C and a pressure of 
about 0.01 torr to 10 torr, in series 
wherein unreacted fatty acids and low- 
boiling components are removed as a vapor 
effluent and a liquid effluent comprised 
of tocopherols is removed; and 



(b) 
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(ii) wherein said liquid effluent from step 
(b) (i) is subjected to one or more 
distillations in series, wherein said 
distillation (s) is (are) conducted at a 
5 temperature of about 170°C to 270°C and a 

pressure of about 0.005 torr to 2 torr, 
wherein a tocopherol concentrate is 
removed as a vapor effluent and wherein a 
liquid effluent comprised of sterol 
10 esters, fatty acid esters, glycerides, 

waxes, and other high-boiling substances 
is removed. 

As a further preferred aspect of this invention, 

15 the vegetable-oil by— product will also contain 

significant amounts of tocotrienols. In such cases, the 
tocotrienols will be present in a proportion of about 
0.5 to 10, by weight, based on the amount of tocopherols 
present, thus yielding a concentrate rich in both 

20 tocopherols and tocotrienols. 

The description of a preferred aspect of the 
present invention is made in reference to the process 
diagrams of Figures 1 and 2. The vegetable oil by- 
product is fed via line (1) to a stirred tank or batch 

25 reactor, unit (2), operating at a temperature of about 

70-3 00°C, preferably in the range of 150-230 °C, and at a 
pressure of about 50 torr to 760 torr, preferably about 
100-200 torr. The residence time in the reactor is 
preferably from about 1 to 24 hours, most preferably 90 

30 minutes to two hours in the presence of an acid 

catalyst, and from two hours to ten hours when no 
catalyst is used. Preferred catalysts include monoalkyl 
tin compounds, zinc salt of an organic acid, titanium 
(IV) alkoxides, zinc oxide, phosphoric acid and other 

35 mild mineral acids. 
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During the reaction step, the free fatty acid which 
is already present in the feed mixture reacts with the 
sterols to form high-boiling sterol esters and water. 
Any other alcoholic moieties, triterpenoid alcohols, 
5 methyl— sterols , and the like, also react with the free 
fatty acids to form high-boiling fatty acid esters, 
waxes, and water. Moreover, any mono— and di— fatty 
acid esters of glycerol are largely converted to 
triglycerides by esterif ication with the free fatty 

10 acids. The tocopherols and tocotrienols also react to a 
limited extent with the free fatty acid to form 
tocopherol esters and water. The relative rates of the 
esterif ication reactions is glycerides > sterols > 
tocopherols/tocotrienols. Thus, the reaction of 

15 tocopherols/tocotrienols can be controlled by proper 
selection of reaction temperature and time. 
Tocopherol/tocotrienol recovery from the reaction step 
is typically 80% to 97%, more typically 85% to 92%. 
Conversion of sterols to fatty acid sterol esters is 

20 typically 75% to 100%, more typically 85% to 95%. In a 
preferred embodiment, C 10 -C 22 fatty acids are added to 
the starting material by— product, most preferably in an 
amount of up to about 40% by weight, based on the total 
weight of the by— product starting material. 

25 The reactor is provided with a means for removal of 

the water of esterif ication, line (3) . The removal of 
the water of esterif ication drives the reaction 
equilibrium toward the formation of the fatty acid ester 
products . 

30 The esterif ication product (4) is then subjected to 

a series of distillation steps in which components 
boiling higher and lower than the tocopherol are 
separated from tocopherol and other like— boiling 
substances. The distillation steps are one or more 

35 separate distillation operations to remove unreacted 
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free fatty acids overhead along with any low-boiling 
compounds from a tocopherol— rich bottoms product, and 
one distillation operation to remove a tocopherol-rich 
product overhead away from sterol esters, fatty acid 
5 polyesters of glycerol, waxes, and other high-boiling 

compounds. Either the distillation operations to remove 
the fatty acid and low-boilers, or the distillation 
operation to remove the high-boilers may be done first. 
It should be understood that the reaction and 

10 distillation operations may be accomplished in batch, 
semi— batch, and continuous modes of operation. 

This process produces tocopherol concentrates 
efficiently and economically in a minimum of steps. No 
extraneous substances are added to the raw material oil, 

15 except possibly an esterif ication catalyst and added 

C 10 — C 22 fatty acids. No solvents or excess esterif ica- 
tion alcohols need to be removed from the reaction 
product. The achievable tocopherol concentration in the 
final product is in the range of 20—80% tocopherol by 

20 weight, depending on the amount of hydrocarbons in the 

starting material. More typically the product will have 
a tocopherol concentration of 30—60% by weight of 
tocopherol. The overall recovery of tocopherol from the 
process is typically 72% to 97%, more typically 75% to 

25 92%, most typically 80% to 85%. 

One embodiment of the method of the present 
invention is illustrated by Figure 1. The product (4) 
from the esterif ication step is distilled in unit (5) 
under high vacuum to remove a substantial fraction, 

30 typically 50-90%, more typically 60-80%, of the 

unreacted fatty acid along with a substantial fraction 
the low-boilers, stream (6), to leave a tocopherol-rich 
bottoms product (7) . The distillation operation is 
conducted at temperatures and pressures such that the 

35 tocopherols are largely left in the bottoms product. 
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The temperature and pressure of distillation operation 
(5) is in the range of 170 D C to 270°C, 0.05 to 10 torr. 
The preferred range is 200°C to 240°C, 0.5 torr to 4 
torr. The distillation apparatus (5) (as are all of the 
5 distillation equipment used herein) is preferably a 

high-vacuum design including a short path evaporator, a 
wiped-film evaporator, a centrifugal molecular still, or 
a falling film evaporator capable of low pressure 
operation. 

10 The bottoms product (7) of the first distillation 

operation (5) is distilled a second time in distillation 
operation (8) under high vacuum to remove any remaining 
unreacted fatty acids and other low-boiling compounds. 
The temperature of distillation (8) must be higher or 

15 the pressure lower than distillation (5) in order to 
ensure essentially complete removal of any remaining 
fatty acids. The temperature and pressure of distilla- 
tion (8) is in the range of 230°C to 300°C, 0.01 to 5 
torr. The preferred range is 240°C to 280°C, 0.1 torr 

20 to 2 torr. Under these conditions a portion, typically 
5-30%, of the tocopherols will distill overhead with the 
remaining fatty acids into stream (9), leaving an acid- 
free tocopherol— rich bottoms product (10) . The 
distillate (9) containing some tocopherols and the 

25 remaining free fatty acid may be discarded or recycled 
to reactor (2) or the first distillation operation (5) 
in order to improve the overall yield of tocopherols. 
Since distillation (5) and distillation (8) are 
conducted under different temperature and pressure 

30 conditions, they act in combination as a multi- 
equilibrium staged device, lowering tocopherol losses 
and increasing fatty acid removal. The distillation 
apparatus (8) may be of any high-vacuum design including 
a short path evaporator, wiped-film evaporator, 

35 centrifugal molecular still, or falling film evaporator. 
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The tocopherol-rich bottoms product (10) of the 
second distillation (8) is then subjected to a third 
high-vacuum distillation (11). The tocopherol and other 
similarly boiling compounds are collected as a final 
5 tocopherol-rich dist.illate product (12). The tri- 
glycerides, sterol esters, other high-boiling fatty acid 
esters, and other high-boiling compounds are removed in 
the largely tocopherol-free bottoms (13) of the 
distillation. Tocopherol recovery to stream (12) is 

10 typically 95% to 100%, more typically 96% to 99.9%. The 
catalyst, if any were used, exits in the residue. The 
temperature and pressure of distillation operation (11) 
is in the range of 170°C to 270°C, 0.005 to 2 torr. The 
preferred range is 200°C to 250°C, 0.01 torr to 0.05 

15 torr. The distillation apparatus (11) may be of any 
high— vacuum design including a short path evaporator, 
wiped-film evaporator, centrifugal molecular still, or 
falling film evaporator. 

Thus, as a further aspect of the present invention, 

20 there is provided a method for preparing a tocopherol 
concentrate which comprises the steps: 

(a) heating a vegetable oil by-product comprised 
of tocopherols, fatty acids, sterols, sterol 

25 esters of fatty acids, and mono-, di-, and 

triglycerides, said by-product optionally 
containing added C 10 -C 22 fatty acids, 
optionally in the presence of an acid 
catalyst, at a temperature of about 70° to 

30 3 00°C and a pressure of about 50 torr to 760 

torr, while continuously removing water formed 
thereby, to form a mixture comprised of sterol 
esters, high boiling fatty acid esters, waxes, 
and glycerides; 



35 
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(b) followed by subjecting said mixture to 
distillation at a temperature of about 170 °C 
to 270°C and a pressure of about 0.05 to 10 
torr, while removing unreacted fatty acids and 

5 low-boiling components as a vapor effluent and 

a liquid effluent comprised of tocopherols; 

(c) followed by subjecting the liquid effluent 
from step (b) to distillation at a temperature 

10 of about 230°C to 300°C and a pressure of 

about 0.01 to 5 torr, while removing remaining 
fatty acids and approximately 5 to 30 percent 
of total tocopherols as a vapor effluent and a 
liquid effluent which is a tocopherol— enriched 

15 product; and 

(d) followed by subjecting the liquid effluent 
from step (c) to distillation at a temperature 
of about 170°C to 270°C and a pressure of 

20 about 0.005 to 2 torr, and collection and 

isolation of a tocopherol concentrate as a 
vapor effluent. 

In a preferred embodiment, the starting material 
25 will contain a significant amount of tocotrienols. 

As noted above, preferred apparatus for the 
distillation steps include any high— vacuum design 
including a short path evaporator, wiped-film 
evaporator, centrifugal molecular still, or falling film 
30 evaporator. Accordingly, as a further aspect of the 
present invention, there is provided a method for 
preparing a tocopherol concentrate which comprises the 
steps : 

(a) heating a vegetable oil by-product comprised 
35 of tocopherols, fatty acids, hydrocarbons, 
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sterol esters of fatty acids, sterols, 
triterpenoid alcohols, methyl-sterols, and 
mono-, di-, and triglycerides, optionally in 
the presence of an acid catalyst, said by- 
product optionally containing additional C 10 — 
c 22 f att Y acids, at a temperature of about 
70°C to 300°C and a pressure of about 50 torr 
to 760 torr, while continuously removing water 
formed thereby, to provide a mixture comprised 
of sterol esters, high boiling fatty acid 
esters, waxes, and glycerides; 

followed by feeding said mixture to a first 
distillation zone comprising: 

a first distillation apparatus selected from 
the group consisting of a short path 
evaporator, a wiped film evaporator, a 
centrifugal molecular still, and a falling film 
evaporator, operated at a temperature of about 
170°C to 270°C and a pressure of about 0.05 to 
10 torr, 

wherein a vapor effluent comprised of a 
substantial fraction of the unreacted free 
fatty acids, and low— boiling materials is 
removed, 

wherein a liquid effluent which is comprised of 
a tocopherol-enriched mixture is removed; 

followed by feeding the liquid effluent from 
step (b) to a second distillation zone 
comprising: 
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a second distillation apparatus selected from 
the group consisting of a short path 
evaporator, a wiped film evaporator, a 
centrifugal molecular still, and a falling film 
5 evaporator, operated at a about 240°C to 280°C 

and a pressure of 0,01 to 2 torr, 

wherein a vapor effluent comprised of remaining 
fatty acids and approximately 5 to 30 percent 
10 of total tocopherols is removed, 

wherein a liquid effluent comprised of a 
tocopherol— enriched mixture is removed; and 

15 (d) followed by feeding the liquid effluent from 

step (c) to a third distillation zone 
comprising: 

a third distillation apparatus selected from 
20 the group consisting of a short path 

evaporator, a wiped film evaporator, a 
centrifugal molecular still, and a falling film 
evaporator, operated at a temperature of about 
170°C to 270°C and a pressure of 0.005 to 2 
25 torr, 

wherein a vapor effluent which is a tocopherol 
concentrate is removed and isolated. 

3 0 It should be appreciated that the order of the 

fatty acid removal and high-boilers distillation may be 
reversed, i.e., steps (b) and (d) of the above aspects 
of the invention would be reversed. In this embodiment, 
the product of the ester if icat ion reactor (4) is fed 

35 first to distillation operation (11) . The free fatty 
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acids, low-boilers and tocopherols are distilled 
overhead first from the sterol esters, fatty acid 
polyesters of glycerol, waxes, and other high-boiling 
compounds* The tocopherol-rich distillate is then fed 
5 to distillation operation (5) to remove a substantial 

fraction of the fatty acids and low-boilers and then to 
distillation operation (8) to remove the remaining fatty 
acids and low-boilers. The final tocopherol-rich 
concentrate is the bottoms product of distillation 

10 operation (8) . The distillate of unit (8) may be 

recycled to the reactor (2), the first distillation 
(11) # or the second distillation (5) in order to 
increase the overall tocopherol recovery. 

A more highly preferred embodiment of present 

15 invention is illustrated by Figure 2. The vegetable oil 
by-product (1) is esterified in a batch or continuous 
reactor (2) , with or without catalyst. The water of 
esterif ication is removed continuously via line (3) 
during the reaction. The product of the esterif ication 

2 0 step (4) is distilled under high vacuum to remove 

essentially all of the unreacted fatty acid, typically 
90% to 99.9%, more typically 97% to 99.9%, along with a 
substantial fraction of other low-boilers via stream (8) 
to leave a tocopherol-rich bottoms product (10) . The 
25 temperature and pressure of the distillation is in the 
range of 220 °C to 320°C, 0.1 to 8 torr. The preferred 
range is 260 °C to 290°C, 0.5 torr to 4 torr. In the 
preferred embodiment of the invention, the distillation 
apparatus for the fatty acid removal step is a 

3 0 multistage, refluxed fractionating column. The column 

must contain at least one, preferably two to four, 
equilibrium stages of rectification (5) , as well as an 
optional stripping section (6) . The column must also 
have the capability of providing reflux via line (7) to 
35 the rectification section (5) . The fractionating 
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capability of the device greatly decreases the 
tocopherol loss to the distillate to typically less than 
5%, more typically 0.2% to 2.0%, and increases the 
removal of the free fatty acid from the bottoms product. 
5 The optional stripping section further increases the 
removal of the free fatty acids from the bottoms 
product. The extent of tocopherol loss is highly 
dependent on the reflux ratio, defined as the ratio of 
the mass flow rate of stream (7) to the mass flow rate 

10 of stream (8). In the preferred embodiment of the 

invention the reflux ratio is in the range of 0.3 to 
5.0, more preferably from 0.5 to 2.0. The staging in 
the rectification and optional stripping sections may be 
provided by any vapor— liquid contacting device, 

15 including bubble cap trays, sieve trays, random packing, 
and structured packing. In the preferred embodiment of 
the invention, the equilibrium staging is provided by 
high efficiency, low pressure drop structured packing, 
in order to lower residence time and reduce the tempera- 

20 ture required for distillation. The reboiler of the 
distillation apparatus may be of any high-vacuum, low 
residence design including a short path evaporator, 
wiped-film evaporator, centrifugal molecular still, or 
falling film evaporator. 

25 The tocopherol-rich bottoms product (10) of the 

first distillation is then subjected to a second high- 
vacuum distillation (11). The tocopherol and other 
similarly boiling compounds are collected as a 
tocopherol-rich distillate product (12). The 

30 triglycerides, sterol esters, other high-boiling fatty 
acid esters, and other high— boiling compounds are 
removed in the largely tocopherol-f ree bottoms, stream 
(13) , of the distillation. Tocopherol recovery to 
stream (12) is typically 95% to 100%, more typically 96% 

35 to 99.9%. The catalyst, if any were used, exits in the 
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residue. The temperature and pressure of the second 
distillation is in the range of 170°C to 300°C, 0.005 to 
2 torr. The preferred range is 200 °C to 250 °C, 0,01 
torr to 0.05 torr. The distillation apparatus (11) may 
5 be of any high-vacuum design including a short path 

evaporator, wiped-film evaporator, centrifugal molecular 
still, or falling film evaporator. 

Thus, as a further aspect of the present invention, 
there is provided a method for preparing a tocopherol 
10 concentrate which comprises the steps: 

(a) heating a vegetable oil by-product comprised 
of tocopherols, fatty acids, hydrocarbons, 
sterol esters of fatty acids, sterols, 

15 triterpenoid alcohols, methyl-sterols, and 

mono-, di-, and triglycerides, optionally in 
the presence of an acid catalyst, said by- 
product optionally containing additional 
C 10 -C 22 fatty acids, to a temperature of about 

20 70°C to 300°C and a pressure of about 50 torr 

to 760 torr, while continuously removing water 
formed thereby, to provide a mixture comprised 
of sterol esters, high boiling fatty acid 
esters, waxes, and glycerides; 

25 

(b) followed by feeding the mixture from step (a) 
to a first distillation zone comprising: 

a first distillation apparatus comprised of a 
30 multistage, refluxed fractionating column and 

a reboiler, said column having a rectification 
section having at least one equilibrium stage 
of rectification and means for providing 
reflux to said rectification section, and 
35 optionally a stripping section, said apparatus 
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operated at a temperature of about 220°C to 
320 °C, and a pressure of about 0.1 to 8 torr, 

wherein a vapor effluent which is comprised of 
free fatty acids and low-boiling materials is 
removed ; and 

wherein a liquid effluent which is comprised of 
a tocopherol— enriched mixture is removed; 

(c) followed by feeding the liquid effluent from 
step (b) to a second distillation zone 
comprising: 

15 one or more separate distillation apparatus in 

series selected from the group consisting of a 
short path evaporator, a wiped film evaporator, 
a centrifugal molecular still, and a falling 
film evaporator, operated at a temperature of 

20 about 200°C. to 320°C and a pressure of about 

o.oi torr to 10 torr, 

wherein a liquid effluent comprised of sterol 
esters, fatty acid esters, glycerides, waxes, 
25 and other high— boiling materials is removed; 

wherein a vapor effluent which is a tocopherol 
concentrate is removed and isolated. 

30 It should also be understood that the order of the 

fatty acid removal and high-boilers distillation may be 
reversed in this embodiment. In this embodiment, the 
product of the esterif ication reactor (4) is fed first 
to distillation operation (11). The free fatty acids, 

35 low-boilers and tocopherols are distilled overhead first 
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from the sterol esters, fatty acid polyesters of 
glycerol, waxes, and other high-boiling compounds. The 
tocopherol-rich distillate is then fed to a multi-staged 
fractionating distillation operation to remove 
5 essentially all of the fatty acids and a substantial 

fraction of the low-boilers. The distillation operation 
consists of a ref luxed rectifying section (5) , a 
reboiler (9), and an optional stripping section (6). 
The final tocopherol-rich concentrate is the bottoms 
10 product of the second multi-staged distillation 
operation. 

Accordingly, as a further aspect of the present 
invention, there is provided a method for preparing a 
tocopherol concentrate which comprises the steps: 

15 

(a) heating a vegetable oil by-product comprised 
of tocopherols, fatty acids, hydrocarbons, 
sterol esters of fatty acids, sterols, 
triterpenoid alcohols, methyl-sterols, and 

2 0 mono-, di-, and triglycerides, optionally in 

the presence of an acid catalyst, said by- 
product optionally containing additional 
C 10 — C 22 fatty acids, to a temperature of about 
70°C to 300°C and a pressure of about 50 torr 
25 to 760 torr, while continuously removing water 

formed thereby, to provide a mixture comprised 
of sterol esters, high boiling fatty acid 
esters, waxes, and glycerides; 

3 0 (b) followed by feeding the mixture from step (a) 

to a first distillation zone comprising: 

one or more separate distillation apparatus in 
series selected from the group consisting of a 
35 short path evaporator, a wiped film evaporator, 
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a centrifugal molecular still, and a falling 
film evaporator, said apparatus operated at a 
temperature of about 200°C to 320 °C and a 
pressure of about 0.01 torr to 10 torr, 

wherein a liquid effluent comprised of sterol 
esters, fatty acid esters, glycerides, waxes, 
and other high— boiling materials is removed; 
and 

wherein a vapor effluent comprised of a 
tocopherols, free fatty acids and low-boilers 
is removed; 

followed by feeding the vapor effluent from 
step (b) to a second distillation zone 
comprising: 

a distillation apparatus comprised of a 
multistage, refluxed fractionating column and a 
reboiler, said column having a rectification 
section having at least one equilibrium stage 
of rectification and means for providing reflux 
to said rectification section, and optionally a 
stripping section, said apparatus operated at a 
temperature of about 220 °C to 320 °C, and a 
pressure of about 0.1 to 8 torr, 

wherein a vapor effluent which is comprised of 
free fatty acids, and low-boiling materials is 
removed ; 

wherein a liquid effluent which is a tocopherol 
concentrate is removed and isolated. 
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Example I 

5 A one liter 3-neck flask equipped with a mechanical 

stirrer, heating mantle, Dean-Stark trap, reflux 
condenser, N 2 inlet, and thermowell was charged with 500 
g of soy oil deodorizer distillate and 0.5 g of zinc 
acetate. The resulting mixture was stirred and heated 
10 for three hours at 230°C. A nitrogen flow of 250mLxmin 
was bubbled through the mixture while it was heated. 
The mixture was sampled and analyzed for tocopherols, 
sterols, sterol esters, fatty acids, and glycerides. 
The results are listed in Table 1. 

15 

Example 2 

The procedure outlined above was followed except 
that 500 g of canola oil deodorizer distillate was 
20 charged to the reactor and 0.25 g of butylstannoic acid 
was used as the catalyst. The results are shown in 
Table 2. 

25 

The procedure outlined in example 1 was followed 
except that 1.8 g of phosphoric acid was used as the 
catalyst. The results are shown in Table 3. 

30 Example 4 

The procedure outlined in example 1 was followed 
except that no catalyst was added. The mixture was 
stirred and heated for 24 hours at 170°c. .The results 
35 are listed in Table 4. 
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Exapple 5 

The procedure outlined above was followed except 
that the reactor was charged with 500 g of sunflower 
5 deodorizer distillate. No catalyst was added. The 
mixture stirred and heated for three hours at 210°C. 
The results are listed in Table 5. 

Example 6 

10 

The effect of temperature on reaction rates was 
examined using the same reactor equipment as outlined in 
example 1. The reactor was charged with 500 g of soy 
deodorizer distillate for each run at 132°C r 150°C, and 
15 170 °C No catalyst was added. Each mixture was stirred 
and heated for 19—20 hours and maintained at tempera- 
ture. The results are listed in Table 6. 

20 

A 150 gal stainless steel reactor equipped with an 
anchor agitator, steam jacket, nitrogen inlet, vacuum 
system, and outlet pipe for water removal was charged 
with approximately 800 lb of canola oil deodorizer 

25 distillate for each of four reactor runs. For each run 
the vacuum was set at 200 mm Hg and the mixture was 
agitated and steam applied to the heating jacket during 
a three-hour heat— up to 210 °C. The reactor was held at 
210°C and 200 mm Hg # with agitation, for two hours. The 

30 reactor was then rapidly cooled to below 100°C. Water 
of ester if icat ion was collected during the heat-up and 
hold times. The reactor product of each run was sampled 
and analyzed for tocopherols and sterols. The results 
for each of the four reactor runs are listed in Table 7. 

35 
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A 150 gal stainless steel reactor equipped with an 
anchor agitator, steam jacket, nitrogen inlet, vacuum 
5 system, and outlet pipe for water removal was charged 
with 310.8 lb of soy oil deodorizer distillate. No 
catalyst was added. The vacuum was set at 200 mm Hg and 
the mixture was agitated and steam applied to the 
heating jacket during a five-hour heat-up to 210°C. The 

10 reactor was held at 210°C and 200 mm Hg, with agitation, 
for two and a half hours. The reactor was then rapidly 
cooled to below 100 °C. Water of esterif ication was 
collected during the heat-up and hold times. The 
reactor product was sampled at 5 hours and 7.5 hours and 

15 analyzed for tocopherols and sterols. The results are 
listed in Table 8. 

Example 9 

2 0 A one liter 3-neck flask equipped with a mechanical 

stirrer, heating mantle, Dean-Stark trap, reflux 
condenser, N 2 inlet, and thermowell was charged with 500 
g of soy triglycerides, 5.1 g of mixed soy tocopherols, 
and 0.5 g of dibutyl tin oxide. The resulting mixture 

25 was stirred and heated for two hours at 230°C. A 
nitrogen flow of 250mL/ , min was bubbled through the 
mixture while it was heated. The mixture was sampled at 
one hour intervals and analyzed for tocopherols. The 
results are listed in Table 9. 

30 

Example 10 

Referring to Figure 1, distillation operation 5, 
soy deodorizer distillate was fed continuously to a 
35 single-stage 0.42 m2 thin film evaporator unit operating 
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at 1.3 to 1.4 torr. The unit was heated by a hot oil 
system to a constant temperature of 238 »C. The flow 
rate to the column was varied and timed samples of the 
distillate and bottoms products were collected. The 
5 flow rates of the distillate and bottoms streams were 
calculated from the masses of the timed samples, and a 
portion of each sample was analyzed for tocopherol and 
fatty acid content. The effect of flow rate on fatty 
acid removal and tocopherol recovery in the residue is 
10 shown in Table 10. 

Example 11 

The effect of temperature on fatty acid removal and 
15 tocopherol recovery in the residue was examined using 

the same thin film evaporator as outlined in example 11. 

System pressure varied from 2.2 torr to 2.8 torr. 
Timed samples were collected to calculate distillate and 
bottoms rates and a portion of each sample was analyzed 
20 for tocopherol and fatty acid content. The results are 
shown in Table 11. 

Example 1? 

25 A tocopherol-rich bottoms product resulting from 

the removal of a substantial fraction of the fatty 
acids was fed continuously to a 0.42 m2 short path 
evaporator unit operated at 0.05 to 0.099 torr. The 
temperature was varied from 239-C to 279 "C and timed 

3 0 samples of the distillate and bottoms products were 

collected. The flow rates of the distillate and bottoms 
streams were calculated from the masses of the timed 
samples, and a portion of each sample was analyzed for 
tocopherol and fatty acid content. The effect of 

35 temperature on tocopherol recovery in the distillate is 



WO 96/14311 



PCIYUS95/14612 



- 26 - 

shown in Table 12. 

5 An one— inch diameter glass distillation column was 

equipped with a vacuum pump, refluxing distillation 
head, reflux ratio controller, metered feed pump, heated 
feed line, heated feed tank, and collection vessels for 
the distillate and bottoms products. The column 

10 consisted of a rectification section containing six 
inches of structured packing, a stripping section 
containing 18 inches of structured packing, and a 
reboiler section containing twelve inches of 1/8 inch 
spherical glass beads. The reboiler was fitted with a 

15 brass block heater, and the rectification and stripping 
sections were wrapped with heat tape and insulated. 

A portion of the esterif ied canola deodorizer 
distillate from example 7 was fed continuously to the 
column at a rate of 300 ml/hr, while the reboiler 

20 temperature was varied from 240 °C to 300 °C and the 

reflux ratio from 0.33 to 2.00. The pressure at the top 
of the column was maintained at 0.7 torr and all column 
heat tapes at 220 °C. At each reboiler temperature and 
reflux ratio setting the column was allowed to come to 

25 equilibrium and samples of the distillate and bottoms 

streams were collected and analyzed for fatty acids and 
tocopherols. The results are shown in Table 14. 

Example 14 

30 

The esterified sunflower deodorizer distillate from 
Example 5 was fed continuously at a rate of 400 ml/hr to 
a single-staged 6-inch wiped film still equipped with a 
heating mantle, feed pump, high vacuum pump, and 
35 distillate and residue receivers. The still was 
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maintained at a pressure of 0.1 torr and a temperature 
of 240 °C throughout the distillation. The distillate 
and bottoms product were collected and analyzed for 
fatty acids, tocopherols, sterols, sterol esters, and 
5 glycerides. Essentially all of the fatty acid (98.6% of 
that in the feed) and 78% of the tocopherol was 
recovered to the distillate product. 

Example 15 

10 

[ASPEN™ run] Esterified soy deodorizer distillate 
containing 34% fatty acids, 8.5% tocopherols, 9% 
hydrocarbons, and 40% glycerides, sterol esters, and 
other heavy esters is fed continuously to a three-step 

15 distillative purification system as depicted in 

Figure 1. The first single-staged high vacuum still is 
operated at 202 °C and 2.0 torr, the second single-staged 
high vacuum still at 235°C, 1,2 torr, and the third 
single-staged high vacuum still at 220°C, 0.01 torr. 

20 The distillate product of the second still is recycled 
to the feed of the first still in order to increase the 
recovery of the tocopherol. Aspen™ computer program 
simulated results are shown in Table 15. Overall 
recovery of tocopherol was 91%, with a concentration of 

25 32% tocopherol. 

Example 16 

A portion of the esterified soy deodorizer 
30 distillate from Example 8 was fed continuously to the 

multi-staged refluxed column described in Example 13 at 
a rate of 300 ml^hr, top pressure of 0.7 torr, reboiler 
temperature of 285 °C and reflux ratio of 2.00. The 
distillate and bottoms product were collected and 
35 analyzed for fatty acids, tocopherols, sterols, and 
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sterol esters. Recovery of tocopherol to the bottoms 
product of the first distillation step was 99.3%. Next, 
the tocopherol-rich bottoms product was fed continuously 
to the wiped film evaporator described in example 14 at 
5 a rate of 300 ml/hr, system pressure of 0.05 torr, and 
temperature of 235 °C. The distillate and bottoms 
product of this second distillation were collected and 
analyzed for fatty acids, tocopherols, sterols, and 
sterol esters. Recovery of tocopherol to the distillate 
10 product of the second distillation step was 96.2%. 

Overall recovery of tocopherol through both distillation 
steps was 95.5%. Further results are given in Table 
16. 

15 Example 17 

A portion of the esterif ied soy deodorizer 
distillate from Example 8 was fed continuously to the 
wiped film evaporator described in Example 14 at a rate 

20 of 300 mlxhr, system pressure of 0.05 torr, and 

temperature of 235 °C. The distillate and bottoms 
product were collected and analyzed for fatty acids, 
tocopherols, sterols, and sterol esters. Recovery of 
tocopherol to the distillate product of the first 

25 distillation step was 73.3%. Next, the tocopherol-rich 
distillate product was fed continuously to the multi- 
staged ref luxed column described in example 14 at a rate 
of 300 mlxlir, top pressure of 0.7 torr, reboiler 
temperature of 285 °C and reflux ratio of 2.00. The 

30 distillate and bottoms product of this second 

distillation were collected and analyzed for fatty 
acids, tocopherols, sterols, and sterol esters. 
Recovery of tocopherol to the bottoms product of the 
second distillation step was 98.8%. Overall recovery of 

35 tocopherol through both distillation steps was 72.4%. 
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Further results are given in Table 17. 
Example 19 

5 A portion of thje esterif ied canola deodorizer 

distillate from Example 7 was fed continuously to the 
wiped film evaporator described in Example 14 at a rate 
of 335 mlv/hr, system pressure of (KOI torr, and 
temperature of 235 °C. The distillate and bottoms 

10 product were collected and analyzed for fatty acids, 
tocopherols, sterols, and sterol esters. Recovery of 
tocopherol to the distillate product of the first 
distillation step was 84%. Next, the tocopherol-rich 
distillate product was fed continuously to the multi- 

15 staged refluxed column described in example 14 at a rate 
of 346 ml/hr, top pressure of 2.5 torr, reboiler 
temperature of 2 60 °C and reflux ratio of 0.33. The 
distillate and bottoms product of this second 
distillation were collected and analyzed for fatty 

20 acids, tocopherols, sterols, and sterol esters. 

Recovery of tocopherol to the bottoms product of the 
second distillation step was 84.6%. Overall recovery of 
tocopherol through both distillation steps was 71.0%. 
Further results are given in Table 17. 

25 

Example 19 

A one liter 3— neck flask equipped with a mechanical 
stirrer, heating mantle, Dean-Stark trap, reflux 

3 0 condenser, nitrogen inlet, and thermowell was charged 
with 500 g of rice bran oil distillate comprised of 
tocols (2% tocotrienol and 1% tocopherol), sterols (1%) , 
sterol esters (9%) , free fatty acids (35%) , hydro- 
carbons, and glycerides. The resulting mixture was 

35 stirred and heated for 7 hours at 200°c. A nitrogen 
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flow of 100 mL/min was bubbled through the mixture 
during heating. The mixture was sampled and analyzed 
for tocols, sterols, sterol esters, fatty acids, and 
glycerides. The product mixture was distilled as 
5 described in Example 13. The distillate was composed 
mainly of fatty acids and squalene. The residue from 
the distillation was fed to a wiped film distillation 
apparatus as described in Example 14. The results of 
the distillations are listed in Table 19. 
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We Claim: 

1. A method for preparing a tocopherol concentrate 
which comprises the steps: 

5 

(a) heating a vegetable oil by-product comprised 
of tocopherols, fatty acids, hydrocarbons, 
sterol esters of fatty acids, sterols, 
triterpenoid alcohols, methyl-sterols, and 

10 mono-, di-, and triglycerides, optionally in 

the presence of an acid catalyst, said by- 
product optionally containing additional 
C 10" C 22 * att Y acids, to a temperature of about 
70°C to 300°c and a pressure of about 50 torr 

15 to 760 torr, while continuously removing water 

formed thereby, to provide a mixture comprised 
of sterol esters, high boiling fatty acid 
esters, waxes, and glycerides; and 

20 (b) followed by subjecting said mixture to a 

series of distillation operations comprising: 

(i) one or more separate distillation 

operations, wherein said distillation (s) 

25 is (are) conducted at a temperature of 

about 200°C to 320°C and a pressure of 
about 0.01 torr to 10 torr, in series 
wherein unreacted fatty acids and low- 
boiling components are removed as a vapor 

30 effluent and a liquid effluent comprised 

of tocopherols is removed; and 

(ii) wherein said liquid effluent from step 
(b) (i) is subjected to one or more 
35 distillations in series, wherein said 
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distillation (s) is (are) conducted at a 
temperature of about 170°C to 270°C and a 
pressure of about 0.005 torr to 2 torr, 
wherein a tocopherol concentrate is 
5 removed as a vapor effluent and wherein a 

liquid effluent comprised of sterol 
esters, fatty acid esters, glycerides, 
waxes, and other high— boiling substances 
is removed. 

10 

2. The method of claim l r wherein said vegetable oil 
by— product is comprised of tocotrienols in a 
proportion of about 0.5 to 10, by weight, based on 
the weight of tocopherols present. 

15 

3. The method of claim 1 or 2, wherein step (a) is 
conducted at a temperature of about 150°C to 230°C 
and a pressure of about 100 torr to 200 torr, and 
wherein additional C 10 — C 22 fatty acids are added to 

20 the vegetable oil by— product utilized in step (a) . 

4. The method of claim 1, wherein an acid catalyst is 
utilized in step (a) • 

25 5. A method for preparing a tocopherol concentrate 

which comprises the steps: 

(a) heating a vegetable oil by— product comprised 
of tocopherols, fatty acids, sterols, sterol 

30 esters of fatty acids, and mono—, di— , and 

triglycerides, said by-product optionally 
containing added C 10 — C 22 fatty acids, 
optionally in the presence of an acid 
catalyst, at a temperature of about 70° to 

35 300°C and a pressure of about 50 torr to 760 
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10 



(b) 



torr, while continuously removing water formed 
thereby, to form a mixture comprised of sterol 
esters, high boiling fatty acid esters, waxes, 
and glycerides; 

followed by subjecting said mixture to 
distillation at a temperature of about 170'C 
to 270°C and a pressure of about 0.05 to 10 
torr, while removing unreacted fatty acids and 
low-boiling components as a vapor effluent and 
a liquid effluent comprised of tocopherols; 



(c) 



followed by subjecting the liquid effluent 
from step (b) to distillation at a temperature 
15 0 f about 230°C to 300°C and a pressure of 

about 0.01 to 5 torr, while removing remaining 
fatty acids and approximately 5 to 30 percent 
of total tocopherols as a vapor effluent and a 
liquid effluent which is a tocopherol-enriched 
2 o product ; and 

(d) followed by subjecting the liquid effluent 

from step (c) to distillation at a temperature 
of about 170»C to 270°C and a pressure of 
25 about 0.005 to 2 torr, and collection and 

isolation of a tocopherol concentrate as a 
vapor effluent. 

6. The method of claim 5, wherein said vegetable oil 
30 by-product is comprised of tocotr ienols , in a 

proportion of about 0.5 to 10, by weight, based on 
the weight of tocopherols present. 

7 The method of claim 5 or 6, wherein step (a) is 
35 ' conducted at a temperature of about 200-C to 240-C 
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and a pressure of about 0.5 to 4 torr; step (b) is 
conducted at a temperature of about 240 °C to 280 °C 
and a pressure of about 0.1 to 2 torr; step (c) is 
conducted at a temperature of about 200 °C to 240°C 
5 and a pressure of about 0.01 to 0.05 torr; and step 

(d) is conducted at a temperature of about 2 60°C to 
290°C and a pressure of about 0.5 to 4 torr. 

8. The method of claim 5 or 6, further comprising the 
10 step of recycling the tocopherols removed as a 

vapor effluent in step (c) into the step (bj 
mixture. 

9. A method for preparing a tocopherol concentrate 
15 which comprises the steps: 

(a) heating a vegetable oil by— product comprised 
of tocopherols, fatty acids , sterols, sterol 
esters of fatty acids, and mono-, di— , and 

20 triglycerides, said by— product optionally 

containing added C 10 -C 2 2 fatt y acids, 
optionally in the presence of an acid 
catalyst, to a temperature of about 70-300°C 
and a pressure of about 50 torr to 760 torr, 

25 to form a mixture comprised of sterol esters, 

high boiling fatty acid esters, vaxes, and 
glycerides ; 

(b) followed by subjecting said mixture to 

30 distillation at a temperature of about 170 °C 

to 270°C and a pressure of about 0.005 to 2 
torr, while removing tocopherols, free fatty 
acids, and low-boiling materials as a vapor 
effluent; 

35 
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(c) followed by subjecting the vapor effluent of 
step (b) to distillation at a temperature of 
about 230°C to 300°C and a pressure of about 
0.01 to 5 torr, thereby removing remaining 

5 fatty acids and approximately 5 to 30 percent 

of total tocopherols as a vapor effluent and a 
liquid effluent which is a tocopherol-enriched 
product ; and 

(d) followed by subjecting the liquid effluent 
from step (c) to distillation at a temperature 
of about 170°C to 270 °C and a pressure of 
about 0.05 to 10 torr, while removing 
unreacted fatty acids and low-boiling 
components as a vapor effluent and a liquid 
effluent which is a tocopherol concentrate. 

10. The method of claim 9, wherein said vegetable oil 
by— product is comprised of tocotrienols, in a 

20 proportion of about 0.5 to 10, by weight, based on 

the weight of tocotrienols present. 

11. The method of claim 9 or 10, wherein step (a) is 
conducted at a temperature of about 200°C to 240°C 
and a pressure of about 0.5 to 4 torr; step (b) is 
conducted at a temperature of about 260°C to 290°C 
and a pressure of about 0.5 to 4 torr; step (c) is 
conducted at a temperature of about 200°C to 240°C 
and a pressure of about 0.01 to 0.05 torr; and step 
(d) is conducted at a temperature of about 240 °C to 
280°C and a pressure of about 0.1 to 2 torr. 

12. The method of claim 9 or 10, further comprising the 
step of recycling the vapor effluent from step (c) 

35 into the step (b) mixture. 



10 



15 



25 



30 
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13. A method for preparing a tocopherol concentrate 
which comprises the steps: 

(a) heating a vegetable oil by-product comprised 
5 of tocopherols, fatty acids, hydrocarbons, 

sterol esters of fatty acids, sterols, 
triterpenoid alcohols, methyl-sterols, and 
mono-, di-, and triglycerides, optionally in 
the presence of an acid catalyst, said by— 

10 product optionally containing additional 

C 10 -C 22 fatty acids, to a temperature of about 
70°C to 300°C and a pressure of about 50 torr 
to 760 torr, while continuously removing water 
formed thereby, to provide a mixture comprised 

15 of sterol esters, high boiling fatty acid 

esters, waxes, and glycerides; 

(b) followed by feeding the mixture from step (a) 
to a first distillation zone comprising: 

a first distillation apparatus comprised of a 
multistage, refluxed fractionating column and 
a reboiler, said column having a rectification 
section having at least one equilibrium stage 
of rectification and means for providing 
reflux to said rectification section, and 
optionally a stripping section, said apparatus 
operated at a temperature of about 220 °C to 
320°C, and a pressure of about 0.1 to 8 torr, 

wherein a vapor effluent which is comprised of 
free fatty acids and low-boiling materials is 
removed; and 

35 wherein a liquid effluent which is comprised 



20 



25 



30 
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of a tocopherol— enriched mixture is removed; 

(c) followed by feeding the liquid effluent from 
step (b) to a second distillation zone 
5 comprising: 

-one or more separate distillation apparatus in 
series selected from the group consisting of a 
short path evaporator, a wiped film 
10 evaporator, a centrifugal molecular still, and 

a falling film evaporator, operated at a 
temperature of about 200°C. to 320°C and a 
pressure of about 0.01 torr to 10 torr, 

15 wherein a liquid effluent comprised of sterol 

esters, fatty acid esters, glycerides, waxes, 
and other high-boiling materials is removed; 

wherein a vapor effluent which is a tocopherol 
20 concentrate is removed and isolated. 

14. The method of claim 13, wherein said vegetable oil 
by-product is comprised of tocotrienols, in a 
proportion of about 0.5 to 10, by weight, based on 

25 the weight of tocopherol present. 

15. The method of claim 13 or 14, wherein additional 
C 10 -C 22 fatty acids are added to the vegetable oil 
by-product utilized in step (a) , and wherein step 

30 (a) is conducted at a temperature of about 150 °C to 

230°C and a pressure of about 100 torr to 200 torr; 
step (b) is conducted at a temperature of about 
260°C to 290°C, a pressure of about 0.5 to 4 torr, 
and a reflux ratio of 0.5 to 2.0; and step (c) is 

35 conducted at a temperature of about 200°C to 250°C 
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and a pressure of about 0.01 to 0.05 torr. 

16. A method for preparing a tocopherol concentrate 
which comprises the steps: 

5 

(a) heating a vegetable oil by-product comprised 
of tocopherols, fatty acids, hydrocarbons, 
sterol esters of fatty acids, sterols, 
triterpenoid alcohols, methyl-sterols, and 

10 mono-, di— , and triglycerides, optionally in 

the presence of an acid catalyst, said by- 
product optionally containing additional 
C 10 — C 22 fatty acids, to a temperature of about 
70°C to 300 °C and a pressure of about 50 torr 

15 to 760 torr, while continuously removing water 

formed thereby, to provide a mixture comprised 
of sterol esters, high boiling fatty acid 
esters, waxes, and glycerides; 

20 (b) followed by feeding the mixture from step (a) 

to a first distillation zone comprising: 

one or more separate distillation apparatus in 
series selected from the group consisting of a 

25 short path evaporator, a wiped film 

evaporator, a centrifugal molecular still, and 
a falling film evaporator, said apparatus 
operated at a temperature of about 200 °C to 
320°C and a pressure of about 0.01 torr to 10 

30 torr, 

wherein a liquid effluent comprised of sterol 
esters, fatty acid esters, glycerides, waxes, 
and other high— boiling materials is removed; 
35 and 
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wherein a vapor effluent comprised of a 
tocopherols, free fatty acids and low-boilers 
is removed; 

5 (c) followed by feeding the vapor effluent from 

step (b) to a second distillation zone 
comprising: 

a distillation apparatus comprised of a 
10 multistage, refluxed fractionating column and 

a reboiler, said column having a rectification 
section having at least one equilibrium stage 
of rectification and means for providing 
reflux to said rectification section, and 
15 optionally a stripping section, said apparatus 

operated at a temper ature of about 220 °C to 
320°C, and a pressure of about 0.1 to 8 torr, 

wherein a vapor effluent which is comprised of 
20 free fatty acids, and low-boiling materials is 

removed; 

wherein a liquid effluent which is a 
tocopherol concentrate is removed and 
25 isolated. 

17. The method of claim 1, wherein said vegetable oil 
by— product is comprised of tocotrienols, in a 
proportion of about 0.5 to 10, by weight, based on 

30 the weight of tocopherols present. 

18. A method for preparing a tocopherol concentrate 
which comprises the steps: 



35 



(a) heating a vegetable oil by-product comprised 
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of tocopherols, fatty acids, hydrocarbons, 
sterol esters of fatty acids, sterols, 
triterpenoid alcohols, methyl— sterols , and 
mono-, di-, and triglycerides, optionally in 
the presence of an acid catalyst, said by- 
product optionally containing additional 
C 10 — C 22 fatty acids, at a temperature of about 
70°C to 300°C and a pressure of about 50 torr 
to 760 torr, while continuously removing water 
formed thereby, to provide a mixture comprised 
of sterol esters, high boiling fatty acid 
esters, waxes, and glycerides; 

followed by feeding said mixture to a first 
distillation zone comprising: 

a first distillation apparatus selected from 
the group consisting of a short path 
evaporator, a wiped film evaporator, a 
centrifugal molecular still, and a falling 
film evaporator, operated at a temperature of 
about 170 D C to 270°C and a pressure of about 
0.05 to 10 torr, 

wherein a vapor effluent comprised of a 
substantial fraction of the unreacted free 
fatty acids, and low-boiling materials is 
removed, 

wherein a liquid effluent which is comprised 
of a tocopherol-enriched mixture is removed; 

followed by feeding the liquid effluent from 
step (b) to a second distillation zone 
comprising: 
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a second distillation apparatus selected from 
the group consisting of a short path 
evaporator, a wiped film evaporator, a 
centrifugal molecular still, and a falling 
5 film evaporator, operated at a about 240°C to 

280°C and a pressure of 0.01 to 2 torr, 

wherein a vapor effluent comprised of 
remaining fatty acids and approximately 5 to 
10 30 percent of total tocopherols is removed, 

wherein a liquid effluent comprised of a 
tocopherol-enriched mixture is removed; and 

15 (d) followed by feeding the liquid effluent from 

step (c) to a third distillation zone 
comprising: 

a third distillation apparatus selected from 
20 the group consisting of a short path 

evaporator, a wiped film evaporator, a 
centrifugal molecular still, and a falling 
film evaporator, operated at a temperature of 
about 170°C to 270°C and a pressure of 0-005 
25 to 2 torr, 

wherein a vapor effluent which is a tocopherol 
concentrate is removed and isolated. 

30 19. The method of claim 18, wherein said vegetable oil 
by-product is comprised of tocotrienols, in a 
proportion of about 0.5 to 10, by weight, based on 
the weight of tocopherols present. 
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20. A method for preparing a tocopherol concentrate 
which comprises the steps: 

(a) heating a vegetable oil by-product comprised 
5 of tocopherols, fatty acids, hydrocarbons, 

sterol esters of fatty acids, sterols, 
triterpenoid alcohols, methyl— sterols, and 
mono—, di— , and triglycerides, optionally in 
the presence of an acid catalyst, said by— 

10 product optionally containing additional 

C 10 — C 22 fatty acids, at a temperature of about 
70°C to 300°C and a pressure of about 50 torr 
to 760 torr, while continuously removing water 
formed thereby, to provide a mixture comprised 

15 of sterol esters, high boiling fatty acid 

esters, waxes, and glycerides; 

(b) followed by feeding said mixture to a first 
distillation zone comprising: 

20 

a first distillation apparatus selected from 
the group consisting of a short path 
evaporator, a wiped film evaporator, a 
centrifugal molecular still, and a falling 
25 film evaporator, operated at a temperature of 

about 170°C to 270°C and a pressure of 0.005 
to 2 torr, 

wherein a vapor effluent comprised of 
30 tocopherols, unreacted free fatty acids, and 

low— boiling materials is removed, 



35 



(c) followed by feeding the vapor effluent from 
step (b) to a second distillation zone 
comprising: 
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a second distillation apparatus selected from 
the group consisting of a short path 
evaporator, a wiped film evaporator, a 
centrifugal molecular still, and a falling 
film evaporator, operated at a temperature of 
about 170°C to 270°C and a pressure of about 
0,05 to 10 torr, 

wherein a vapor effluent comprised of a 
substantial fraction of the unreacted free 
fatty acids, and low-boiling materials is 
removed , and 

wherein a liquid effluent which is a 
tocopherol concentrate is removed and 
isolated; and 

followed by feeding the liquid effluent from 
step (c) to a third distillation zone 
comprising: 

a third distillation apparatus selected from 
the group consisting of a short path 
evaporator, a wiped film evaporator, a 
centrifugal molecular still, and a falling 
film evaporator, operated at a about 240°C to 
280°C and a pressure of 0.01 to 2 torr, 

wherein a vapor effluent comprised of 
remaining fatty acids and approximately 5 to 
30 percent of total tocopherols is removed, 

wherein a vapor effluent which is a tocopherol 
concentrate is removed and isolated. 
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21. The method of claim 20, wherein said vegetable oil 
by-product is comprised of tocotrienols, in a 
proportion of about 0.5 to 10, by weight, based on 
the weight of tocopherols present. 



WO 96/14311 



PCT/US95/14612 




WO 96/14311 



2/2 



PCT/US95/14612 





INTERNATIONAL SEARCH REPORT 



□v _ ^^jiicaaoQ No 

PCT/US 95/14612 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C07D311/72 



According to International Patent CI ass fi cation (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documeotaliOQ searched (dam D canoe gyitem followed by danO cation lymbois) 

IPC 6 C07D 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data hate and, where practical, search term* used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP.A.G 619 742 (F. HOFFMANN- LA ROCHE) 17 

August 1994 

see the whole document 

US, A, 4 454 329 (Y. TAKAGI; Y. KAI) 12 June 
1984 

cited in the application 

see column 2, line 45 - column 4, line 46 

US, A, 3 335 154 (F. E. SMITH) 8 August 1967 

cited in the application 

see column 3, line 6 - column 4, line 26 



1-21 



1-21 



1-21 



□ 



Further documents arc listed in the continuation of box C 



X I Patent family rnemben are listed in annex. 



" Spcoal categories of a ted documents : 

*A" document defining mc general state of the art which is not 
considered to be of particular relevance 

"E* earlier document but published on or ate the mternanonal 
fMi ng date 

*L" document which may throw doubts on priority daunt i) or 
which u a ted to establish the publication date of another 
otanon or other special reason (as specified) 

*0" document referring id an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



*T later document published after the miernaaorul filing date 



or priority date and not in conflict with the application but 
ated to understand the principle or theory underlying me 



"X* document of particular relevance; the d aimed invention 
cannot be considered novd or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the d aimed invention 
cannot be considered to involve an inventive step when the 
document a combined with one or more other such docu- 
ments, such combination bang obvious to a person stalled 
m the art. 

"«T document member of the same patent family 



Date of the actual conviction of the international search 



28 February 1996 



Date of mailing of the international search report 



1 5. 04. 96 



Name and mailing address of the ISA 

European Patent Office, P.B. 511 S PatentJaan 2 
NL - 22S0 HV Rijrwi* 
Tel. ( + 31-70) 340-2040, Tx. 31 651 epo nl. 
Fax ( + 31-70) 340-3016 



Authorized officer 



Lauro, P 



Fan* PCT/1SA/21I (mco*4 atml) {htty 1M2) 



INTERNATIONAL SEARCH REPORT 

lnfonnafion on patent family ro qnbcn 



lntentatioru* ^pplicaton No 

PCT/US 95/14612 



Patent document 
cited in search report 



Publication 
date 



Paten: family 
member(s) 



Publication 
date 



EP-A-610742 
US-A-4454329 



US-A-3335154 



17-08-94 
12-06-84 



G8-G8-67 



JP-A- 


7002827 


06-01-95 


JP-B- 


1024148 


10-05-89 


JP-C- 


1538418 


16-01-90 


JP-A- 


57154181 


22-09-82 


JP-B- 


1018912 


07-04-89 


JP-C- 


1536855 


21-12-89 


JP-A- 


57016878 


28-01-82 


CH-A- 


651831 


15-10-85 


DE-A- 


3126110 


01-04-82 


NONE 



Form fCT/ISA/aii (paurt family wm) 0**t 1*«> 



